CT was used to examine six patients with clinically evident atlantoaxial rotary fixation, two patients with torticollis, and six normal subjects who had turned their heads to the side as far as voluntarily possible. The CT appearances of the atlantoaxial complex were identical in all three groups. To differentiate these groups, we propose a functional scan through C1-C2 in which patients are scanned initially as they present, with their heads fixed in lateral rotation. Subsequent scans are obtained with their heads turned to the maximum contralateral rotation. CT scans in patients with atlantoaxial rotary fixation demonstrate no motion at C1-C2 during this maneuver, while those in patients with transient torticollis show a reduction or reversal of the rotation of C1 on C2.
Atlantoaxial rotary fixation is a clinical syndrome consisting of rotation with lateral tilt of the head, painful limitation of motion, and inability to turn the head voluntarily to the contralateral side. The condition often follows insignificant cervical trauma or upper respiratory infection [1, 2] . It is distinguished from torticollis by its failure to resolve within a few weeks. Radiographic evaluation of the patient with this condition is difficult because of the patient's rotated head position . Before the advent of CT, radiologic diagnosis traditionally required careful functional examination with cineradiography [2, 3] .
Axial CT scans through C1-C2 in patients with the clinically diagnosed atlantoaxial rotary fixation demonstrate the rotated position of C1 on C2 [4] [5] [6] . However, when we evaluated the CT scan of a patient with transient torticollis, the atlantoaxial complex appeared as it would in atlantoaxial rotary fixation. We performed this study to attempt to distinguish between these two conditions .
Subjects and Methods
Eight patients with symptoms referable to the occipitoatlantoaxial joint complex were studied by cervical CT. Six of these patients were diagnosed as having atlantoaxial rotary fixation and represent all the cases of this type seen between 1984 and 1986. The other two patients, diagnosed as having torticollis , were the only patients with this condition admitted to the neurosurgery service during this period. Atlantoaxial rotary fi xation was diagnosed clinically when the signs and symptoms of torticollis did not resolve within 3-4 weeks. Six normal volunteers had no symptoms referable to the cervical spine.
Scans were obtained from the base of the skull to the top of the vertebral body of C3 by using 3-or 5-mm contiguous sections at a gantry angulation of 0°. The hard palate was included in the examination whenever possible as a reference point for determining the orientation of the skull. A functional examination was performed in both patients with torticollis and in one patient with rotary fixation by scanning the patient's cervical spine with the head in the rotated position in which it was fixed and in the maximum voluntary contralateral rotation. The other patients were studied at rest. The normal volunteers were scanned with their heads turned as far as possible to the side. Bone-and soft-tissue windows were obtained in all examinations. The degree of rotary displacement was quantitated by comparing the anteroposterior axes of the head (line congruent with the nasal septum), atlas (line AJN R:8, July/August 1987 connecting the anterior tubercle to the spinous process) , and axis (line connecting the base of odontoid to the spinous process) . Occipitoatiantal rotary su bluxation was defined as mal alignment of the axes of the head and atlas.
Results
All eight patients had histories of mild to moderate neck trauma with neck pain , stiffness , and rotational deformity (Table 1) . They all held th eir heads in varying degrees of lateral rotation and lateral tilt ("cock-robin " position) with painful limitation of motion and an inability to rotate their heads to the oppostie side . Cranial nerve defic its were present in two patients , both of whom also had occipitoatlantic rotary subluxation, defined as malalignment of the axes of the head and atlas [5] . Duration of symptoms before presentation vari ed from hours in patients with torticollis to 4 years in one patient with C1-C2 rotary fixation. The in itial treatment consisted of skeletal traction and muscle relaxants in all symptomatic patients. Arthrodesis was recommended in three patients.
Plain films, available in three patients, demonstrated asymmetry of the distance between the odontoid and the lateral masses of C1 on the open-mouth view . The lateral view did not aid in diagnosis . Functional examinations were not performed with plain-film techniques.
Axial CT easily established the diagnosis of occipitoatlantic rotary sublu xation in two patients ( Fig . 1) and demonstrated rotational displacement of the atl antoaxial complex in all patients . The spatial relationship of the vertebral bodies was appreciated better in those patients who were studied with T ABLE 1: Clinical Summary in Rotary Subluxation 5-mm rather than 3-mm sections . This difference was most pronounced in patients with a significant lateral tilt of the cervical spine .
Without functional imaging, scans through C1-C2 in the patients with clinically fixed C1-C2 rotary fi xation (Figs. 1-3) were radiographically indistinguishable from either the patients with reversible torticollis (Fig . 4) or a group of normal subjects who were scanned with their heads turned as far as possible to the side (Fig . 5) . No one finding on the static examination appeared to be helpful in the CT diagnosis of fixation . An eccentric location of the odontoid with respect to the anterior arch of C1 was seen in one patient with torticollis and in one with rotary fi xation . The extent of rotational displacement did not correlate with fixation , as was evidenced by two of the patients who had minimal rotation by CT examination . In one , whose inability to rotate his head resolved , the minimal rotation demonstrated on CT appeared no different from that of the other patient, whose CT rotation remained unchanged despite halo traction .
We performed functional examinations by scanning the occipitoatlantoaxial complex in the rotated position in which the patient presented and in maximum vOluntary contralateral rotation . In a patient with rotary fi xation there was no change in the relationship of the atlas and axis during this maneuver (Fig . 3) . In the two patients with torticollis the functional scan resulted in reduction and actual reversal of the subluxation (Fig . 4) . In the normal volunteers , scanning with the head turned yielded a range of motion of 29-44° (average , 34°) at the atlantoaxial joint ( 
Discussion
A Atlantoaxial rotary fixation was described extensively in the pre-CT literature [1-3, 7, 8] . It occurs after minor neck trauma or an upper respiratory tract infection . The atlas, which normally rotates 45° in either direction on a relatively immobile axis [9, 10] , is fixed in a position that could be attained during B normal rotation . At initial presentation , the patient with atlantoaxial rotary fixation may be indistinguishable from someone with torticolli s. In both conditions there may be neck pain , an inability to turn the head , and fi xation of the head in a "cockrobin " position [1] [2] [3] . Plain films in all patients whose heads are rotated , whether voluntarily or pathologically, as in atlantoaxial rotary fixation or torticollis, show a rotated appearance of C1 on C2 , with asymmetry of the distance between the odontoid and the lateral masses of C1 [2 , 3] . Cineradiography of the atlantoaxial joint during turning of the head from side to side has been proposed as a method of diagnosis because actual fixation at the atlantoaxial joint could be demonstrated [9 , 11] . Reports of the CT appearance of patients with the clinical syndrome of atlantoaxial rotary fixation have consisted of case studies [4 , 5] or of discussions of the efficacy of CT in delineating the rotation of C1 on C2 [6] . The problem of distinguishing relatively normal head turning (torticollis) from pathologic fi xation has not been addressed.
B o
We began using functional CT studies after encountering a patient with transient torticollis whose initial static CT scan demonstrated C1-C2 rotation indistinguishable from that of previous patients with clin ically proven rotary fi xation . On functional examination the rotary deformity reversed , prompting further investigation of both the limitations of static scans and the utility of functional examinations. In our experience, the static CT examination is quite adequate for demonstrating the pathology in patients with either occipitoatlantal subluxation or atlantoaxial subluxation with associated anterior displacement of the atlas on the axis . However, the static examination cannot differentiate between patients with isolated C1-C2 rotary fixation , patients with reversible torticollis , and normal volunteers who are scanned with their heads held in rotation . By using a functional examination we were able to demonstrate reduction and reversal of the subluxation in the patients with torticollis, thereby excluding the diagnosis of rotary fixation. Conversely, th is maneuver did not produce any change in the relationship of the atlas and axis in the patients with clinical rotary fi xation who were thus studied, radiographically proving fixation . A similar method of proving fi xation radiographically in a patient whose head was fi xed in rotation for 9 months was described by Rinaldi et al. [4] ;
